We have previously reported that neurokinin A (NKA), a tachykinin closely related to substance P, increases the release of prolactin (PRL) from the anterior pituitary gland of male rats, but not from pituitaries of ovariectomized (OVX) female rats. In this study, we evaluated the influence of estrogens in the action of NKA on PRL secretion in female rats. NKA stimulated the in vitro release of PRL from pituitary glands of OVX-chronically estrogenized rats, and of proestrus and estrus rats, but had no effect in anterior pituitaries of diestrus rats. In addition, we observed that cultured anterior pituitary cells of OVX rats responded to NKA only when they were incubated for 3 days in the presence of estradiol 10 9 M. This effect was blocked by L-659,877, an NK-2 receptor antagonist. We also studied the action of NKA on PRL release during lactation. The response of anterior pituitary cells to NKA was variable over this period. The maximal sensitivity to NKA was observed at day 10 of lactation. Furthermore, the blockade of endogenous NKA by the administration of an anti-NKA serum to lactating rats reduced the PRL surge induced by the suckling stimulus. These results show that the responsiveness of the anterior pituitary gland of female rats to NKA is modulated by the endocrine environment, and suggest that NKA may participate in the control of PRL secretion during the estrus cycle and lactation.
Introduction
Secretion of prolactin (PRL) from the anterior pituitary gland is regulated by both inhibitory and excitatory chemical signals. Many peptides, such as thyrotropinreleasing hormone (TRH), oxytocin, vasoactive intestinal peptide (VIP), angiotensin II and the tachykinin, substance P, stimulate PRL release at the pituitary level (Kordon et al. 1994) . Our previous studies have shown that neurokinin A (NKA), another tachykinin closely related to substance P, may act as a stimulatory factor in the control of PRL release. We have observed that the blockade of endogenous NKA by the administration of an anti-NKA serum (ANKA) reduced the hyperprolactinemia induced by estradiol in ovariectomized (OVX) rats and decreased the PRL surge in proestrus rats (Pisera et al. 1991) . The effect of NKA on PRL release is exerted, at least in part, at the pituitary level, as this peptide stimulates PRL secretion from incubated anterior pituitaries of male rats (Pisera et al. 1994) . Moreover, the in vitro blockade of endogenous NKA by the addition of ANKA to the incubation medium inhibits basal and NKA-induced PRL release, suggesting that the intrapituitary NKA may participate in the control of PRL secretion in male rats. However, neither NKA nor ANKA has significant effects on in vitro secretion of PRL from pituitary glands of OVX rats (Pisera et al. 1994 ). This sex difference in the in vitro effect of NKA on PRL release could result from the different hormonal environment. In fact, the in vivo effects of ANKA in female rats were observed only under conditions of high concentrations of estradiol (Pisera et al. 1991) .
The effects of tachykinins are exerted through their interaction with three receptor subtypes, named NK-1, NK-2 and NK-3. These multiple tachykinin receptors have been identified in peripheral organs using bioassay and radioligand binding methods, and confirmed through the development of selective antagonists and the molecular cloning of the three receptor proteins (Maggi 1995) . In view of the fact that NKA preferentially binds to NK-2 receptors, it is likely that this receptor subtype is involved in the neuroendocrine effects of NKA.
As it has been suggested that the effects of tachykinins on anterior pituitary hormonal secretion seem to depend on the gonadal hormone milieu , Shamgochian & Leeman 1992 , we designed a study to investigate the possible role of estrogens in the in vitro pituitary responsiveness to NKA in female rats, and the influence of lactation on the effect of NKA on PRL release. In addition, we evaluated the involvement of NK-2 receptors (with which NKA displays greater affinity) in the action of NKA on PRL secretion, utilizing a specific NK-2 receptor antagonist, L-659,877 (Maggi 1995) .
Materials and Methods

Drugs
All drugs were obtained from Sigma Chemical Co., St Louis, MO, USA, except fetal calf serum (GenSa, Buenos Aires, Argentina), NKA (Peninsula Laboratories, Inc., Belmont, CA, USA) and L-659,877 (Research Biochemicals International, Natick, MA, USA).
Animals
Wistar rats were bred at our own breeding laboratory. The animals were maintained in accordance with the NIH Guide for the Care and Use of Laboratory Animals, under controlled conditions of light (12 h light : 12 h darkness) and temperature (20-25 C), with water and food available ad libitum. Adult rats weighing 200-250 g were used.
In experiments in which cyclic female rats were used, the animals were monitored by daily vaginal smears. Rats with three or more normal consecutive estrus cycles were used. When OVX rats were used, the animals were ovariectomized under ether anesthesia 2 weeks before being killed.
Estradiol treatment
Female rats were implanted under the skin of the back with Silastic capsules (length 20 mm, outer diameter 2 mm) containing 1 mg 17 -estradiol at the time of ovariectomy. Control OVX rats were implanted with empty capsules. The animals were killed 2 weeks later.
Anti-NKA serum
Preparation of the anti-NKA serum (ANKA) was as previously reported (Pisera et al. 1991) . Cross-reactivity with other mammalian tachykinins was 0·78% for substance P, 1·56% for neurokinin B and 60% for neuropeptide K (NPK). NPK is an NH 2 -terminally extended form of NKA and hence its high cross-reactivity with the anti-NKA serum was expected.
Suckling-induced PRL surge
Pregnant rats were housed individually. On the day of parturition (assigned as day 1 of lactation), the litter size was reduced to eight pups per rat, to ensure a similar suckling stimulus. In the morning of day 8 of lactation, the rats were separated from their pups for 5 h and then they were reunited. This procedure was repeated on the following 2 days. The day before the experiment, the rats were injected by the tail vein with ANKA (250 µl) or normal rabbit serum (NRS, 250 µl) under light ether anesthesia. On the day of the experiment, the mothers were separated from their pups for 5 h, and then the offspring were returned to suckle for a period of 30 min. After the end of this suckling period, the mothers were killed by decapitation. Another group of mothers were separated from their pups for 5·5 h and then decapitated (non-suckled control). Blood was collected from the trunk and serum was separated from each sample and stored at 20 C until required for analysis for PRL.
Incubation of anterior pituitary glands
The animals were killed by decapitation and the anterior pituitaries were removed and cut longitudinally into halves. One hemipituitary per tube was preincubated for 60 min in 1 ml Krebs-Ringer bicarbonate buffer (KRB), pH 7·4, containing 10 mM glucose, 25 mM Hepes, 0·1% BSA, 0·1 mM bacitracin and 1 mM ascorbic acid, at 37 C in an atmosphere of 95% O 2 -5% CO 2 , with constant shaking. After this period, the hemipituitaries were incubated for 60 min in 1 ml fresh KRB with or without NKA. At the end of the incubation, the media were aspirated and kept frozen at 20 C until required for assay for PRL. Protein concentration in tissue homogenates was determined by the method of Lowry et al. (1951) . The concentration of PRL in the incubation medium was expressed as µg/mg protein.
Anterior pituitary cell culture
The animals were killed by decapitation and the anterior pituitary glands dissected out under sterile conditions. The glands were washed several times with Dulbecco's Modified Eagle's Medium (DMEM) and cut in small fragments. The slices were incubated successively in DMEM-BSA (3 mg/ml) containing trypsin (Type XII-S from bovine pancreas, 5 mg/ml), DNAse (Deoxyribonuclease II, Type V from bovine spleen, 1 mg/ml) and trypsin inhibitor (Type II-S from soybean, 1 mg/ml) for enzymatic digestion. The cells were finally dispersed by extrusion through a Pasteur pipette in KRB without Ca
2+
and Mg 2+ and suspended in DMEM supplemented with 2·5% fetal calf serum (FCS), 10 µl/ml MEM aminoacids, 2·5 µg/ml amphotericin B, 25 µg/ml gentamicin and 2 mM glutamine (DMEM-S). When cells of OVX rats were used, FCS was replaced by FCS adsorbed with dextran-coated charcoal (DMEM-AS). The cells were seeded onto 96-well tissue culture plates (80 000 cells/0·2 ml/well) and cultured in DMEM-S or DMEM-AS for 3 days in a humidified atmosphere of 5% CO 2 -95% air at 37 C. In order to investigate the in vitro effects of estrogens, anterior pituitary cells from OVX rats were cultured for another 3 days in DMEM-AS with 17 -estradiol 10 9 M or vehicle (ethanol, final dilution 0·0001%). After the culture period, the cells were washed twice with KRB and incubated for 60 min in 0·2 ml KRB alone (control) or KRB plus test substances. At the end of the incubation period, the medium was aspirated, centrifuged at 1000 r.p.m. for 5 min and stored at 20 C until required for determination of PRL. The concentration of PRL in the incubation medium was expressed as ng/well. Because cultures of anterior pituitary cells from lactating rats were not performed simultaneously, basal PRL secretion showed variability among the different days of lactation; hence the concentration of PRL in the media of these experiments is shown as a percentage of respective control values.
Prolactin radioimmunoassay
PRL was measured by a double-antibody RIA method with reagents distributed by The National Hormone and Pituitary Program (Baltimore, MD, USA). RP-3 was used as reference preparation and NIDDK-anti-rPRL-S-9 as antiserum (ED 50 : 0·54 ng RP-3). The cross-reactivity with other pituitary hormones was negligible. The intraand interassay coefficients of variations were less than 9%.
Statistics
Data were expressed as means ... The significance of the differences between means was determined by unpaired or paired Student's t-test, one-way analysis of variance (ANOVA) followed by Dunnett's test, or two-way ANOVA followed by multiple comparison Tukey's test.
Results
Effect of NKA on PRL release from anterior pituitaries of cyclic female rats and OVX-estrogen-treated rats
To evaluate the involvement of estrogens in the pituitary response to NKA in female rats, we studied the effect of NKA on the in vitro PRL secretion from halved anterior pituitaries of cyclic female rats and OVX rats treated chronically with estradiol. Female rats in different stages of the estrus cycle were killed in the afternoon (between 1400 and 1500 h). One half of each anterior pituitary was incubated for 60 min with NKA (10 7 M), and the other half was incubated with KRB alone. In addition, anterior pituitaries of OVX and OVX-estrogen-treated rats were incubated with or without NKA (10 7 M). NKA stimulated PRL release from anterior pituitaries of estrus and proestrus rats, but had no effect in anterior pituitaries of diestrus rats (Fig. 1) . In contrast, NKA significantly increased PRL secretion from anterior pituitaries of OVX rats chronically treated with estradiol, but had no effect on PRL release from pituitaries of OVX rats (Fig. 1) .
Effect of estradiol on NKA-induced PRL release from cultured anterior pituitary cells of OVX rats
In order to determine whether anterior pituitary cells in culture would also respond to NKA, we tested the effect of NKA on PRL release from anterior pituitary cells of male rats. The presence of increasing concentrations of NKA in the incubation medium significantly stimulated PRL release from cultured anterior pituitary cells. This effect was dose-dependent (Fig. 2) .
We then studied the in vitro effect of estradiol on the secretory response to NKA by cultured anterior pituitary cells of OVX rats. PRL release after 60 min of incubation was significantly greater in pituitary cells of OVX rats cultured for 3 days in the presence of 17 -estradiol (10 9 M) than in control cells. In contrast, NKA (10 7 M) significantly stimulated the secretion of PRL from anterior pituitary cells of OVX rats only if they were exposed to estradiol (Fig. 3) .
To determine whether the NK-2 receptor subtype is involved in the action of NKA on PRL release, we studied the effect of an NK-2 receptor antagonist (L-659,877) on basal and NKA-induced PRL release from anterior pituitary cells of OVX rats. The presence of L-659,877 (10 7 -10 5 M) did not affect PRL secretion from pituitary cells of OVX rats (data not shown). However, although L-659,877 did not affect basal PRL release from pituitary cells of OVX rats cultured in the presence of estradiol, the NK-2 receptor antagonist blocked the stimulatory effect of NKA. The presence of L-659,877 plus NKA reduced PRL release below the values obtained with the antagonist alone ( Table 1) .
Effect of NKA on anterior pituitary cells from lactating rats
In order to investigate the influence of lactation on the effect of NKA on PRL secretion, we performed a study on cultured anterior pituitary cells of lactating rats. The mothers (1, 5, 10 or 20 days of lactation) were separated from their pups for 60 min before decapitation. After 3 days of culture, the anterior pituitary cells were incubated for 60 min with NKA (10 8 -10 6 M). NKA did not modify the release of PRL from cells of rats on day 1 of lactation. Whereas only the highest concentration of NKA stimulated release of PRL from cultured cells of rats on day 5 of lactation, all the NKA concentrations assayed stimulated release of PRL from cells of rats on day 10 of lactation. NKA (10 7 and 10 6 M) also increased PRL secretion from cells of rats on day 20 of lactation (Fig. 4) .
Effect of ANKA on suckling-induced PRL surge
To evaluate the role of endogenous NKA on circulating PRL concentrations induced by the suckling stimulus, we studied the effect of the blockade of NKA by the administration of an anti-NKA serum in rats on day 10 of lactation. The suckling stimulus increased serum PRL concentrations in animals injected with NRS. The blockade of endogenous NKA by the administration of ANKA significantly decreased the concentrations of PRL induced by suckling, but did not modify PRL concentrations in non-suckled controls (Fig. 5) .
Discussion
The present study showed that NKA stimulates PRL secretion at the pituitary level in female rats, and that this action may be modulated by the hormonal milieu.
We have previously reported that, even though NKA increased the release of PRL from incubated anterior pituitaries of male rats, this tachykinin did not modify the release of PRL from pituitaries of OVX rats (Pisera et al. 1994) . In accordance with our previous observations, the present results show that NKA does not modify the release of PRL from anterior pituitary of OVX rats. However, NKA stimulates PRL secretion at the pituitary level in OVX-estrogenized rats. These results are in agreement with the hypothesis that gonadal steroids would be necessary for the response of the anterior pituitary to NKA. The fact that NKA stimulated PRL release when the anterior pituitary cells from OVX rats were cultured in the presence of estradiol suggests that estrogens may exert an enabling action at the pituitary level. Indeed, it has been reported that estradiol modulates the responsiveness of lactotropes to other PRL-releasing peptides such as TRH (Giguere et al. 1982) and VIP (Pizzi et al. 1991) . In the male rat, endogenous concentrations of sex steroids could be high enough to induce an NKA action.
As the in vivo effects of the blockade of endogenous NKA were observed only in female rats with high concentrations of estradiol (Pisera et al. 1991) , we evaluated the in vitro effect of this tachykinin throughout the estrus cycle and thus in the presence of different circulating concentrations of gonadal steroids. In this respect, we observed that NKA stimulates the in vitro secretion of PRL from anterior pituitaries of proestrus rats, when the endogenous concentrations of estradiol are high. The stimulatory action of NKA on PRL release from anterior pituitaries of estrus rats may be explained by the sustained effect of the proestrus estradiol surge on pituitary cells. These results suggest that physiological changes in circulating concentrations of estradiol could modulate the action of NKA on PRL release. It has been reported that hypothalamic and anterior pituitary synthesis of tachykinins is modulated by gonadal steroids (Brown et al. 1990) . Estradiol reduces the concentration of NKA in the anterior pituitary gland, but increases it in the whole hypothalamus and in the median eminence-arcuate nucleus (Debeljuk et al. 1992a) . In fact, the anterior pituitary and hypothalamic concentrations of tachykinins change during the estrus cycle (Tsuruo et al. 1987 , Debeljuk et al. 1990 , 1992b , Duval et al. 1996 , and it has been suggested that the decrease in hypothalamic concentration of tachykinins on the proestrus day may be explained by the high rates of release of these peptides (Tsuruo et al. 1987 , Jarry et al. 1988 . Moreover, the number of anterior pituitary substance P-binding sites changes over the estrus cycle, and reaches the highest levels during the day of proestrus (Kerdelhué et al. 1985) . All these observations suggest the possibility that actions of NKA change over the estrus cycle. Taken together, these data support the hypothesis that NKA, produced locally in the anterior pituitary or transported from the hypothalamus through the portal system, may participate in the generation of the proestrus PRL surge, acting on estrogen-sensitized anterior pituitary cells. As regards the lactation period, the responsiveness of anterior pituitary cells to NKA was variable and reached the maximal expression on day 10. As serum concentrations of estradiol and progesterone increase during the postpartum period (Arbogast & Voogt 1996) , the action of gonadal steroids may be involved in the modulation of the response of pituitary cells to NKA during lactation. In addition, as it has been reported that the suckling stimulus increases the number of lactotropes responsive to TRH and angiotensin II (Nagy & Frawley 1990) , the cumulative effect of suckling could also play a part in the sensitivity of pituitary cells to NKA. Several studies have shown that the suckling stimulus has an inhibitory effect on tuberoinfundibular dopaminergic neurons of lactating rats (Arbogast & Voogt 1996) , and that a decrease in dopamine inputs is necessary for the action of TRH on PRL release (Shanti et al. 1995) . Thus, suckling stimuli appear to prepare the anterior pituitary cells to respond to several PRL-releasing peptides. Our studies also show a reduction in the effect of NKA on day 20 of lactation. With advancing lactation there is a decrease in the magnitude of the PRL response to suckling (McNeilly 1994) , and the refractoriness in anterior pituitary cells to PRL-releasing stimuli could be at least partially responsible for the decline in suckling-induced PRL release in late lactation (Shanti et al. 1995) .
The reduction of suckling-induced serum concentrations of PRL observed in rats injected with ANKA indicates that endogenous NKA may have a role in the generation of high concentrations of PRL induced by this stimulus. We reported a similar finding in lactating rats injected with an anti-substance P serum (Debeljuk et al. 1988) . Moreover, the hypothalamic content of substance P increases during the suckling stimulus (Isovich et al. 1994 ).
These data suggest that endogenous tachykinins may be involved in the hyperprolactinemia induced by suckling.
Binding studies have shown that NK-1 receptors are present in lactotropes and gonadotropes (Larsen et al. 1992) . Although NKA has a greater affinity for the NK-2 than for the NK-1 tachykinin receptor subtype, the naturally occurring tachykinins show poor selectivity and they can act as full agonists of the three receptor subtypes (Regoli et al. 1994) . The NK-2 receptor subtype has not been characterized in the anterior pituitary (Larsen et al. 1989) . However, Kalra et al. (1992) have suggested that the effects of NPK on the in vitro release of luteinizing hormone may be mediated by pituitary NK-2 receptors. Our observation that the effect of NKA on the release of PRL from anterior pituitary cells exposed to estradiol is blocked by L-659,877 (a specific NK-2 receptor antagonist) strongly suggests that this NKA action is also mediated by the NK-2 receptor subtype.
In summary, the present findings strongly suggest that NKA may be involved in the control of release of PRL, acting as a stimulatory factor at the pituitary level. Our results show that the effect of NKA on PRL secretion in female rats is modulated by the hormonal environment and that NKA may be involved in the control of PRL secretion during the estrus cycle and lactation. were evaluated by two-way ANOVA followed by Tukey's test. **P<0·01 compared with respective control injected with normal rabbit serum (NRS); P<0·01 compared with respective non-suckled controls.
